Nutritionally variant streptococci have been characterized in the past by their growth as satellite colonies and by their nutrient requirements of cysteine or vitamin B6 for growth in complex media. To further understand the growth characteristics of these strains, we studied fresh isolates from patients with endocarditis by using chemically defined medium enriched with 2% Todd-Hewitt dialysate. Under anaerobic conditions, growth yields of the strains in this medium were comparable to those obtained from a complex medium supplemented with vitamin B6, whereas under aerobic conditions, most of the strains had higher growth yields in the semisynthetic medium. Furthermore, the requirement for cysteine and vitamin B6 in semisynthetic medium was no greater than that of other Streptococcus species. Electron microscopic studies demonstrated normal cell wall structures in organisms grown in the semisynthetic medium as compared with abnormal and irregular cell wall thickening in organisms grown in supplemented complex medium. Finally, these strains appeared to contain a common component when grown in the semisynthetic medium as demonstrated by the appearance of a chromophore after boiling the bacteria at pH 2. Therefore, the demonstration of a medium which permits adequate growth with a normal ultrastructure of nutritionally variant streptococci will permit the further study of this group of important streptococci.
Nutritionally variant streptococci (NVS) have been characterized by their growth as satellite colonies around colonies of Staphylococcus epidermidis or several other gram-positive or gramnegative bacterial strains (10) . Since most of the NVS strains have been reported from subacute bacterial endocarditis (2, 4, 5, 8, 10, 18, 21, 22, 24, 25, 29, 33 ; C. H; Zierdt, Abstr. Annu. Meet. Am. Soc. Microbiol. 1980, D75, p. 50), various enrichments have been used to promote the growth of NVS in blood culture media. L-Cysteine and vitamin B6 have been used as growth factors when added to Todd-Hewitt broth or brain heart infusion broth (4, 5, 10, 11, 21) . ToddHewitt dialysate, yeast extracts, and Casamino Acids have also been used to promote the growth of other types of NVS (6) . However, in each of these studies, only a limited number of strains were studied. Physiological and biochemical characterizations (8, 26) Physiological and biochemical tests. CDMT was used as a basal medium for the physiological tests to differentiate the viridans group streptococci (7, 9) . Glucose was substituted by the appropriate sugar at a 1% concentration for determining the fermentation of mannitol, sorbitol, inulin, raffinose, esculin, sucrose, and melibiose.
Arginine hydrolysis was studied with CDMT containing 0.05% glucose with 0.3% arginine monochloride. Ammonia was detected by using Nessler reagent (Fischer Scientific Co., Fairlawn, N.J.) (23) . Hippurate (1 g/100 ml) hydrolysis was monitored in CDMT, whereas esculin (1 g/100 ml) hydrolysis was monitored in THBP agar due to difficulty in reading the final reaction in CDMT.
Extracellular polysaccharide production was monitored on CDMT agar (1.5% Difco agar) and THBP agar. Both of these agar media contained 5% sucrose. In addition, the strains were grown in CDMT broth with substitution of glucose with 5% sucrose. The extracellular products were tested for the presence of polysaccharide by alcohol precipitation (2.5 and 1.2 volumes).
For all physiological and biochemical tests, cultures were inoculated (1% [vol/vol]) and incubated in candle jars at 370C. Reactions were read daily over a 4-day period. In all cases, growth in test media was compared with growth in CDMT.
Lipoteichoic acid extraction and assay. Lipoteichoic acid and deacylated lipoteichoic acid were extracted from bacterial cells with 45% aqueous phenol at 680C (35) as detailed for lipoteichoic acid elsewhere (17, 34) . The aqueous phases were dialyzed against distilled water and lyophilized. After reconstitution in an appropriate volume of distilled water, portions of each sample were analyzed by the capillary precipitin test (30) and by crossed immunoelectrophoresis (17) , using high-titer anti-polyglycerol phosphate serum (1: 10,000 hemagglutination titer). The antiserum was produced against purified Streptococcus pyogenes lipoteichoic acid (17) .
Analysis of strains for chromophore. Streptococci (100 ml) were grown overnight in CDMT (AOD between 0.6 and 1.4) and harvested at 10,000 x g for 10 (12) . Thin sections were observed by using a Phillips EM300 microscope.
RESULTS
Initial experiments. Initial growth experiments were performed over a 48-h period with strain GaD to establish growth requirements in CDM. This strain failed to grow in CDM unless the medium was supplemented with 2% ToddHewitt broth dialysate. This strain grew at a similar doubling rate in both CDMT and THBP, but higher growth yields were obtained by using CDMT (Fig. 2) on cysteine and vitamin B6. It has been previously described that in complex media, NVS strains need additional cysteine or vitamin B6 for optimal growth (5, 10, 11, 21). To determine whether this requirement was necessary in CDMT, the following experiments were performed. NVS strains were grown to mid-exponential phase (400 to 600 AOD) in CDMT. At this time, cells were chilled, harvested by centrifugation, and washed twice in CDM lacking vitamin B6, cysteine, and cystine. Next, the bacteria were suspended to their original volume in a medium which lacked the component(s) to be tested. The streptococci were then inoculated (2%) into the medium, and growth was followed turbidimetrically for 48 h. Figure 3 shows the growth curves of two representative NVS strains, GaD (Fig. 3a) and CHO (Fig. 3b) . In both cases, maximal growth was observed in complete CDMT. Strain GaD appeared to be quite sensitive to the removal of either vitamin B6 or both vitamin B6 and cysteine (Fig. 3a) . Strain CHO however, did not appear to be as sensitive to removal of either of these two components by themselves since the final growth yield was 50% or one doubling less as compared with growth in complete CDMT. In both cases, neither organism showed significant growth in CDM, indicating the presence of an essential nutrient in Todd-Hewitt dialysate.
A summary of these results for seven NVS strains is compiled in Table 2 . It is apparent that the other NVS strains tested closely followed the growth parameters of strain CHO as compared with strain GaD in that they were not as sensitive to the absence of vitamin B6 or cysteine. The absence of both vitamin B6 and cysteine permitted only a weak growth of all of the strains in the presence of Todd-Hewitt dialysate.
Electron microscopy of NVS strains. Since it has been observed in the past that NVS strains grow in pleomorphic forms by light (5, 10, 11, 21) and electron microscopy (3, Zierdt, Abstr. Annu. Meet. Am. Soc. Microbiol. 1980, D75, p. 50), strain GaD was grown to mid-exponential phase in both CDMT and THBP to observe the overall structure of the bacterium in the two media.
Strain GaD grown in CDMT (Fig. 4a and b) showed a homogenous population of streptococci. The cell wall structure appeared normal as demonstrated for other streptococci of the viridans class (20) . The apparent "holes" ob- (c and d) . The cell walls of GaD grown in CDMT appear normal, with apparent wall bands, whereas those of the same strain grown in THBP are greatly thickened, irregular, and stratified. Note the appearance of "holes" in the cytoplasms of strain GaD in both preparations. These have been shown to be granules ofglycogen in S. mitis. The organism grown in CDMT appeared to contain more granules than it did when grown in THBP. This observation agrees with that for Escherichia coli. Since the glycogen is not carried in membrane-bound vacuoles, the holes appear to diffuse into the cytoplasm. Bars: a and c, 0.24 pim (x44,000); b and d, 0.15 ,um (x85,000) served in the cytoplasm have been demonstrated by Berman and co-workers (1) to be granules consisting of glycogen in S. mitis. Since the glycogen is not contained in membrane-limited vacuoles, the holes seem to diffuse inside the cytoplasm.
In contrast to growth in CDMT, strain GaD grown in THBP appeared pleomorphic, whereas the morphology in CDMT was more typical of streptococci ( Fig. 4c and d) . The differences in the media were particularly evident in the cell walls, which were thickened and appeared fibrous in cells grown in THBP compared with cells grown in CDMT. The thickness of the cell wall varied from one cell to another and within the same cell. In most cases, the accumulation of wall material was more accented in the septal area. As in the case of the organisms grown in CDMT, NVS strains grown in THBP also contained cytoplasmic inclusions. The thickened cell walls of the organisms grown in THBP appeared to be much more fibrous than normal streptococcal cell walls. Further chemical analysis of the material will be necessary before any conclusions can be drawn concerning its composition.
Physiological and biochemical tests. In the past, NVS strains have been classified as alpha-hemolytic viridans group streptococci or ungroupable streptococci (8, 26 ). Since we were now able to obtain luxuriant growth of the NVS strains, we reinvestigated the various fermentation patterns and biochemical tests of this group of organisms. The majority of the strains had a weak reaction (after 2 days) with group H when tested against the various Lancefield streptococcal grouping antisera. Two strains, BENR and VI, also reacted weakly with group L. Otherwise, this group of strains only fermented glucose and sucrose, and 40% also grew with inulin as the carbohydrate source. This group of strains also did not hydrolyze hippurate or esculin, release ammonia from arginine, or contain lipoteichoic acid when analyzed by the capillary precipitin test or crossed immunoelectrophoresis. Finally, none of the strains produced extracellular polysaccharide. In addition to the results of the various physiological and biochemical tests, it became apparent that, upon hydrolysis at pH 2, the strains turned red when grown in CDMT. This reaction was not seen when organisms were grown in THBP. Besides the 10 NVS strains tested in this paper, all of the S. mitis strains tested (eight out of eight) also showed the same color reaction when grown in CDMT. In the case of S. mitis, the 2% dialyzed Todd-Hewitt supplement was not necessary to show the presence of this red chromophore.
DISCUSSION
Our data demonstrate that NVS strains can be grown in a semisynthetic medium. Growth rates and yields of the 10 strains of NVS in CDMT were comparable to those in THBP under anaerobic conditions. However, under aerobic growth conditions, the majority of the NVS strains grew to higher growth densities at similar growth rates in CDMT as compared with THBP.
In the past, investigators have characterized NVS strains as fastidious viridans group streptococci requiring supplemental cysteine (5, 10) or vitamin B6 (4, 11) in complex media for growth. Frenkel and Hirsch (10) initially described the supplemental requirement of cysteine for the growth of NVS strains at 0.5 to 1 ,ug/ml for complex media. More recently, others increased the amount of supplemental cysteine to approximately 0.1 to 1 mg/ml to obtain better growth. Later, George (11) Further evidence for normal growth would be the ultrastructural appearance of the NVS strains when they are grown in CDMT as compared with THBP (Fig. 4) . Previous investigators have reported unusual ultrastructural forms of NVS grown in complex media (3; Zierdt, Abstr. Annu. Meet. Am. Soc. Microbiol. 1980, D75, p. 50). When these strains were grown in CDMT, a normal ultrastructure of the streptococcal cells was present (Fig. 4) . In addition, apparent "holes" could be demonstrated in the cytoplasms of these bacteria. Berman et al. (1) demonstrated similar granules composed of glycogen present in the cytoplasm of S. mitis. Since the nuclear material appeared properly fixed, the holes were probably not due to an artifact of fixation. Further chemical analysis ofthese granules will be necessary to determine whether the granules present in the NVS are glycogen.
Analysis of NVS strains grown in THBP demonstrated that the cell walls of the organisms appeared to be extremely thick compared with the cell walls of the organisms grown in CDMT. Higgins et al. (14, 15) demonstrated cell wall thickening in valine-deprived group D streptococci. Of interest in our study is the observation that the cell wall appears more fibrous in THBP than it does in CDMT. A complete chemical analysis of the cell walls of the organisms grown in the two media will be necessary to determine the composition of the excess polymers.
Physiological and biochemical tests done on NVS strains grown in CDMT would indicate that they are a subgroup of S. mitis. Besides the fermentation pattern of the strains, lipoteichoic acid could not be demonstrated in these strains by a capillary precipitin test or crossed immunoelectrophoresis. This and the absence of release of ammonia from arginine are two of the main characteristics distinguishing S. mitis (28) from other streptococci. In addition, only weak serological reactions were demonstrated with Lancefield group H and L antisera. Since S. mitis and S. sangius (group H) share a common antigenic component (27) , these weak reactions are not surprising.
Finally, as noted above, almost all of tests for the characteristics of S. mitis rely on negative results. The presence of a chromophore in NVS and S. mitis is possibly the first positive test for these strains. In both cases, 100% of the strains (10 out of 10 NVS and 8 out of 8 S. mitis) contained this chromophore. Strains (12 total) from group H and L could not be demonstrated to contain this chromophore (unpublished data). A survey of other Streptococcus species indicated that the chromophore was specific for the NVS and S. mitis strains (van de Rijn and Bouvet, manuscript in preparation). Further analysis will be necessary before the chromophore can be used as a criterion for classification of S. mitis and NVS.
